This paper presents a timely analysis of participation in the 8 th European Framework Programme for Research and Innovation (EU FP) Horizon 2020. Our dataset comprises the entire population of research organizations in Norway, enabling us to distinguish between non-applicants, non-successful applicants, and successful participants. We find it important to distinguish two stages of the participation process: the self-selection stage in which organizations decide whether they wish to apply for EU funding, and the second stage in which the European Commission selects the best applications for funding. Our econometric results indicate that the propensity to apply is enhanced by prior participation in EU FPs and the existence of complementary national funding schemes; further, that the probability of succeeding is strengthened by prior participation as well as the scientific reputation of the applicant organization.
Introduction
Since the first European Framework Programme (EU FP) was established in 1984 with the objective of strengthening scientific and technological collaboration in Europe, its importance has increased steadily (Breschi et al. 2009; Ortega and Aguillo 2010) With the increasing importance of EU research funding, national policymakers in European countries have put domestic participation in EU research at the center of the research policy agenda. In Norway, for instance, the government has explicitly stressed greater participation as an essential part of national strategies for internationalization of research. As of early 2015, Horizon 2020 had received 36,000 applications from all EU/EEA member-states; funding was granted to slightly less than 5,000 of these. Norwegian researchers were involved in 1,530 applications, but only 216 were granted funding. That amounts to 1.79% of the available competitive funds -still below the national goal of at least 2% (Norwegian Ministry of Education and Research 2014). For national policymakers, Norwegians and others alike, the need to understand what determines participation in EU FP, and how this can be strengthened, ranks high on the agenda.
Academic research has recently started to investigate the factors that affect participation in EU FPs.
One of the factors noted in this research relates to the formation of collaborative networks and the enduring nature of these (e.g. Defazio et al. 2009; Protogerou et al. 2010) . Some research organizations have been found to participate repeatedly in EU-funded research, and function as central nodes in EU FP networks (Paier and Scherngell 2011; Roediger-Schluga and Barber 2008; Protogerou et al. 2010 ).
Among the factors that have been investigated to explain these patterns, scientific capabilities of applying institutions (in particular, their academic reputation and scientific productivity) appear crucial (Geuna 1998 ; Lepori et al. 2015; Nokkala et al. 2011; Henriques et al. 2009 ). Another important dimension concerns the characteristics and structure of national funding, which may have complementarity or substitutability effects with international funding from the EU (Luukkonen and Nedeva 2010) Due to limitation in terms of data availability, the literature thus far has analyzed the determinants of EU FP participation by focusing solely on the sub-sample of actual applicants, ignoring all the research organizations that decided not to apply for funding to EU FPs in the first place (e.g. because of lack of interest, time and/or resources). However, the latter group is relevant for this type of analysis. Knowing more about the research organizations that decide not to apply to EU FP may provide new insights on the underlying motivations for applying and the related obstructing factors.
Therefore, in order to advance our understanding of what determines participation in EU-funded research, we find it important to consider two distinct stages of this participation process. The first is the selfselection process, where some organizations decide to apply for funding, while many others decide not to. The second stage is the selection process carried out by authorities of the European Commission (EC), at the end of which some of the applicants are successful and are granted funding for one or more EU projects, whereas most other applicants are not. By distinguishing these two stages of the participation process, we seek to analyze the extent to which the factors highlighted in previous research have differing effects on the two stages of the participation process.
Our empirical analysis covers the entire population of Norwegian research organizations, using data on all 1,402 applications submitted by Norwegian research institutions to Horizon 2020 (hereafter: H2020) between 2014 and until early 2015. Aggregating these data at the organizational level, we match them with detailed national R&D statistics for the full population of public research organizations (PROs) and higher education institutions (HEI) in Norway, as well as registry data on whether they participated in FP6 (2003 ), FP7 (2007 -2013 , and/or received national funding from the Research Council of Norway, RCN (2013 RCN ( -early 2015 .
The empirical results show that the factors highlighted in the literature matter, but they do so differently in the two stages of the participation process: the propensity to apply to H2020 is enhanced by prior participation in EU FPs and by complementary national funding schemes; the probability of success in obtaining funding is strengthened by prior participation as well as the scientific reputation of the applying organization.
This paper is organized as follows: section 2 reviews the relevant literature on EU FP participation, and it points out our theoretical framework and hypotheses; section 3 presents the empirical context, data and indicators; section 4 discusses the econometric results; and section 5 summarizes the main findings and policy implications.
Theory and hypotheses

The literature on participation in European framework programs
Participation in EU FPs has come to rank high on national political agendas, motivating researchers to seek to understand the determinants and impact of EU research programs. The academic literature ranges from policyoriented papers and evaluations to academic studies of the effect of EU FP participation on scientific productivity and innovation, as well as the organizational-level determinants of participation.
Much of the literature has focused on the establishment of networks and the collaborative structures underlying participation in EU FPs (Hoekman et al. 2012; Paier and Scherngell 2011; Breschi and Cusmano 2004; Protogerou et al. 2010; Defazio et al. 2009; Breschi et al. 2009; Roediger-Schluga and Barber 2008) . This is because EU FP programs typically require collaboration between different research organizations and users in order for projects to be considered eligible for funding.
A part of the literature on collaborative networks has analyzed the additionality effects, in terms of increased scientific and innovative output, resulting from participation other than the formation of networks as such (Polt and Streicher 2005; Luukkonen 2000 Luukkonen , 1998 . Focusing on private companies, Matt et al. (2012) argue that EU FP participants are unlikely to contribute to radically new scientific knowledge, but are more likely to support networks in exploratory research than if the organizations form networks outside the EU frame. Defazio et al. (2009) hold that EU FP funding itself has a more direct effect on research productivity rather collaboration within the network. They found that it was only after the funding period had ended that collaboration affected the level of productivity.
Other studies, like Di Cagno et al. (2014) , have held that EU FP participation has an effect on the transfer of knowledge and R&D spillovers. One case study of university participation echoes the results from company-firm oriented studies: according to Primeri and Reale (2012) , the main output from participation was scientific papers, not commercial products or processes. The main argument for participation was the opportunity to collaborate with colleagues abroad, but also contribute to new scientific discoveries.
A common result in studies of collaborative networks in EU FPs is the observation of continued persistence of some organizations that hold central roles in different networks continuously over time, indicating that prior participation matters for successful project applications (Protogerou et al. 2010; Paier and Scherngell 2011; Roediger-Schluga and Barber 2008; Breschi and Cusmano 2004; Godø et al. 2009; Okubo and Zitt 2004; Makkonen and Mitze 2016) . In particular, large, highly reputed European institutions seem to dominate as regards participation (Annerberg et al. 2010 ). Makkonen and Mitze (2016) argue that there exist well established oligarchic networks within the EU. Hence, even with new EU member-state participating in cross-country research, there are still strong networks among the large and older member-states. This has let several to suggest cumulative effects or a "Matthew effect" for organizations with already dominant positions in the research landscape (Protogerou et al. 2010 ).
The factors behind participation in EU research are complex and should in principle be investigated in a multi-level setting, simultaneously taking into account factors at the country level (characteristics of national science policy and research funding), the organizational level (strategies and funding characteristics of universities, faculties, research institutes, and departments), and the individual level (e.g. the capability and experience of the individual researchers applying for EU funding). All three levels of analysis are important and interact in complex ways. In practice, however, research has often focused on one level of analysis and neglected the others, depending on data availability and the specific objective of each study. Two sets of factors in particular have been discussed as possible determinants of EU FP participation, and for explaining the persistence and cumulative effects noted above.
One part of the literature has focused on country-level factors: the composition of national research systems and the national funding structure as a dimension affecting successful participations in EU FPs, investigating in particular whether there is commensurability between national and EU R&D policies (Dinges and Lepori 2006; Luukkonen and Nedeva 2010) . National R&D schemes with a high degree of international orientation are said to have positive effects for building researcher capacity in applications to the EU (Dinges and Lepori 2006) . Whether national policies are converging towards EU policies and if this promotes participation in EU FPs has been studied, as in the case of France, (Laredo 1998) , Norway (Langfeldt et al. 2012) and Finland (Hakala et al. 2002) . The conclusions are basically the same: internationalization of national R&D schemes leads to greater mobilization and participation in EU-funded projects. For example, Langfeldt et al. (2012) found that for parts of the 6 th and the 7 th EU FP, where calls were closely related to Norwegian R&D policies and schemes, a high degree of participation was evident. By contrast, Lepori et al. (2015) and Geuna (1998) controlled for country effects, and found only find slight evidence of it affecting EU FP participation for European HEIs. Others (Okubo and Zitt 2004; Tijssen 2008) have argued that small countries (e.g. Ireland) are more oriented towards research collaboration in EU than larger countries (e.g. Germany) which tend to cooperate domestically or outside the EU. However, other researchers find that the patterns of small state-EU collaboration are far less homogeneous (Ukrainski et al. 2014 ).
Another part of the literature has focused on organization-level factors, emphasizing the importance of organizational characteristics and capabilities as key determinants of participation and success in EU FPs (Hakala et al. 2002) . Drawing on the literature of cumulative mechanisms (Viner et al. 2004 ), Geuna (1996 have suggested that the participation process is driven by reputation of the organization. The few studies to deal with factors at the organizational level (Lepori et al. 2015; Geuna 1998 Geuna , 1996 Nokkala et al. 2011) have shown that the distribution of participation is indeed skewed: a few universities account for most of the participation in EU funding in each country. These also tend to be among the top universities in Europe (Henriques et al. 2009 ).
A key determinant, according to these studies, concerns the institution's level of scientific productivity -in terms of number of publications per full-time equivalents (FTE) (measure of productivity) and number of citations per publication (measure of reputation, or scientific impact). Also other organizational-level factors appear to matter, especially the size of the applying organization, and its scientific field(s) (Lepori et al. 2015; Hakala et al. 2002; Geuna 1998) . At the national level, Ukrainski et al. (2014, p. 854) , argue that countries with high shares in overall scientific output collaborate more widely within Europe.
Hypotheses
Previous studies of the determinants of EU FP participation have focused on the organizational-level and country-specific factors that can explain why some project applications receive funding whereas others do not.
These studies have typically made use of databases of organizations applying to EU FPs, often linked to other national data sources on the characteristics and capabilities of research organizations (e.g. Geuna 1998; Lepori et al. 2015) . We follow the same general approach, focusing on research organizations as the main unit of analysis in the theoretical framework and empirical model. The decision to participate in EU-funded research, and the capacity to do so, entail complex processes that should ideally be investigated in a multi-level setting, studying the interactions between country-, organization-and individual-level characteristics. However, data on individual-level characteristics (such as research experience, the reputation of individual participants in EU applications) are often not available. For that reason, we have chosen to focus on public research organizations as the main unit of analysis.
One main issue with the standard empirical approach previously used in this field is that, due to the lack of relevant data, it has concentrated on those who actually applied for EU FPs funding, ignoring all other research organizations that decided not to apply. We hold, however, that, in order to understand what determines participation in EU-funded research, it is important to consider two distinct stages of this participation process.
The first is the self-selection process, whereby some organizations decide to apply for EU funding while many others decide not to do so. The second stage is the selection process, in which some applicants are successful and are granted funding for one or more EU projects, whereas most other applicants are not. In other words, at any time, the population of research organizations in a given country can be divided into three distinct groups as regards EU funding: (1) non-applicants, (2) unsuccessful applicants, (3) successful applicants. The literature to date has focused on the second and third group, whereas we have had access to data for the first group, and this enables us to distinguish the two above-mentioned stages in the selection process.
We do not intend to introduce new explanatory factors, but seek to investigate the extent to which the factors highlighted in previous research have differing effects on the two stages of the participation process. Our empirical analysis takes into account many of the variables and control factors already investigated in the literature, but it focuses on the three explanatory dimensions emphasized in recent works: (1) whether the organization has previously participated in an EU FP project (indicating persistence and cumulativeness effects);
(2) national funding characteristics (e.g. complementarities between national and EU funding schemes and R&D policy); and (3) organizational research capabilities (e.g. reputation and scientific productivity). We put forward three pairs of hypotheses, each focusing on one of these explanatory dimensions; further, we indicate whether they are expected to be more relevant in the first stage of the participation process, in the second, or in both.
First, we examine the role of prior participation in EU FPs. In line with the literature, we see this as a fundamental factor in strengthening the capacity of research organizations to get EU-funded projects. We argue that previous participation in FPs is an important determinant for both stages of the participation process, although for different reasons. In the first (self-selection) stage, when research organizations consider whether or not to invest time and effort in developing an EU project application, they make an assessment of the amount of time and resources they would have to invest in working on an application, and they compare these costs with the (uncertain) benefits that could accrue from participation. A first-time application to EU FP will entail a series of sunk costs: fixed costs (investments) that the organization must sustain in order to be able to apply for EU funding that first time -but these are costs the organization will not have to incur for subsequent future applications. Two types of sunk costs are relevant here. The first is related to the need to gather information and knowledge on the application procedure: the organization must build up specific administrative capacity for dealing with EU research. The second type of costs is instead related to network and team building. When a research organization wants to apply for EU funding for the first time, a major challenge involves finding suitable and competitive European partners in its field of research. This is no easy task, as the persistent and often closed nature of EU research networks makes it hard for new partners to be admitted into existing competitive networks. By contrast, an organization that has already participated in the recent past will not incur in these sunk costs: it already has in place the necessary administrative capacity and international network, making the prospect of working on a new application less costly and more attractive.
Once the decision to apply has been made, cost-benefit considerations will no longer be relevant, and the selection process will be affected primarily by the quality of the international project team and its application.
These factors, in turn, are arguably strengthened by prior participation, since an organization that has taken part in an EU-funded collaborative project in the recent past has surely benefitted from learning effects concerning the application procedure, EU research priorities, and the quality of potential partners. These learning effects are likely to strengthen the organization's ability to submit a high-quality proposal and hence obtain funding. We summarize these arguments in the following hypotheses.
H1.1: Previous participation in FPs increases the probability that an organization will apply for H2020 funding.
H1.2: Previous participation in FPs increases the probability that an organization will succeed in getting H2020-funded projects.
Second, we shift the focus to national funding characteristics. As noted, the capacity of a research organization to participate in EU FPs may be affected by the characteristics and structure of national funding, especially whether there exist complementarities between national and EU funding schemes, and the degree of international orientation of national science and research policy. While agreeing with previous analyses on this point, we hold that the structure of national funding matters in the first stage of the participation process, not in the second.
Clearly, the availability of research funding serves as a primary motivation in the self-selection stage where organizations decide whether or not to apply to EU FP. On the one hand, with plentiful external funding to be obtained from domestic sources (e.g. RCN projects) there is less need to seek funds elsewhere. On the other hand, however, the availability of external funding from national sources may have complementarity effects, increasing the pool of resources that can be invested for international project applications. If the national authorities focus on the importance of EU programs in seeking to promote the internationalization of the national research system (as is the case in Norway and several other countries today), political priorities, discourse and specific financial support schemes may make a research organization more willing to invest time and resources in developing an EU project application.
However, these considerations are arguably not relevant for the second stage of the participation process. Once an organization has made a cost-benefit analysis and decided to submit a project application, the probability of success will not be directly affected by the structure and characteristics of national funding. The peer-review selection procedure conducted by the EC focuses on the quality and relevance of the project team and the proposal submitted, and it seems reasonable to expect the characteristics of national R&D policy to have little influence here. In principle, it could be argued that the experience with project acquisition and management gained by participating in national funding schemes can bring learning effects and perhaps foster the ability to obtain EU funds as well. However, that argument does not seem relevant for the specific case considered in this paper, as the procedures for project application and management in Norway (especially as regards the Research Council of Norway) differ from those adopted by the EC for H2020 projects. We therefore disregard the possible existence of learning and complementarity effects in the second stage of the participation process, and formulate our hypotheses as follows:
H2.1: Funding granted by national institutions increases the probability that an organization will apply for H2020 funding.
H2.2: Funding granted by national institutions does not increase the probability that an organization will succeed in getting H2020-funded projects.
Third, there is the role of organizational research capabilities, a factor that of increasing importance. It concerns two specific aspects: the scientific reputation of an organization (e.g. as measured by its citations and impact factor) and its scientific productivity (e.g. the number of recent publications or publication points). While finding this dimension generally relevant, we hold that research capabilities will matter differently in the two stages of the participation process: they will be largely irrelevant in the self-selection stage (or even go in the opposite direction from that indicated in earlier studies), but will be highly relevant in the second stage.
Regarding the first stage, when an organization makes an assessment on the opportunity to invest time in a new EU project application, the fact that the entity has a generally strong scientific reputation and/or productivity will not obviously increase its propensity to apply. On the one hand, EU research may be seen as providing opportunities to participate in international academic networks, which will in turn lead to expected benefits in terms of more publications and citations in the future. On the other hand, however, as researchers often point out, participation in EU projects is costly, requiring substantial time for managing and reporting procedures. Anticipating these costs, researchers-and talented and productive ones in particular-may be reluctant to become involved in EU applications because this type of activity may divert time and energy from basic and internally-funded academic research. If so, we argue, strong research capabilities will not increase an organization's propensity to apply-perhaps the converse.
When we shift the focus to the second stage of the participation process, however, the above arguments do not hold. In the selection procedure of determining which applications to accept for funding, research capabilities (reputation and/or productivity) will be a core element that increases the probability of success.
Furthermore, it is reasonable to argue that in EU-FP programs and international research in general, wellreputed organizations will be more willing to cooperate with other well-reputed organizations (homophily). In EU applications it is the reputation of the entire research consortium that is evaluated, making research capability (and in particular reputation) all the more relevant. We therefore formulate the following hypotheses:
H3.1: Stronger research capabilities do not increase the probability that an organization will apply for H2020 funding.
H3.2:
Stronger research capabilities increase the probability that an organization will succeed in getting H2020-funded projects.
Figure 1 Theory framework and hypotheses
Context and data
The Norwegian research system
Policymakers often compare the national research performance of Norway with that of other small economies in proposals to EU FP. The second incentive is also a financial mechanism, and has been exclusively developed towards PROs. As EU FP project funding never covers the full costs of a project (given the high cost levels in Norway) this leaves many Norwegian PROs, particularly those with little or no core funding, with projectbudget deficits. The "STIM-EU" program is aimed at avoiding this. The scheme provides a research entity with additional funding, based on the amount of total EU FP funding granted. Even though funding is granted only after an EU FP proposal has been accepted, the existence of the STIM-EU scheme incentivizes organizations to apply. In addition, the RCN administers a wide array of programs and schemes structured so as to have an indirect effect on mobilizing for EU FP participation. These are intended to strengthen the capacities of researchers and their organization, ultimately making them stronger competitors for subsequent EU FP grants.
Here it should be noted that all of these policy funding schemes are implemented by the Norwegian government in order to encourage research organizations' to participate in EU research, and that they target organizations rather than individual researchers. This is consistent with the approach adopted in this paper, of focusing on the organizational level as the main unit of analysis, and not on the individual researchers or teams.
Data
Our analysis is based on data on project applications to the 8 th European Framework Program Horizon 2020, using data from the European Commission's data warehouse, ECORDA. Previous studies of EU FP participation have focused on HEIs, with the exception of a few grey papers (Godø et al. 2009 ). However, for countries like Norway, Germany, Italy and France, where a large portion of the research sector is made up of PROs, the inclusion of these alongside HEIs is warranted, as noted by Geuna (1998). Thus, our study offers an important addition to the literature.
Of the total population of 1,402 applications, 192 are registered as "granted", 1,110 as "rejected," and 100 as "reserved". The "reserved" status means that the EC has placed the application on a waiting list in case the grant winner is removed for some reason. In some (rare) instances, an applicant on the reserved list has been offered the grant. This means that some applications classified as "reserved" might sometimes receive funding, but in our study these are not considered as part of the "successful" group. In the retrieved data, organizations are listed by their legal name. It was a relatively straightforward matter to exclude profit-seeking organizations, like private firms, since we have information of the full population of HEIs and PROs.
The application data offer unique insights on the success and failures of organizations applying for funding. In previous studies (Geuna 1998; Lepori et al. 2015; Nokkala et al. 2011) , only information on successful applications has been used for analysis. Recently, Lepori et al. (2015) used the large EUPRO database (Roediger-Schluga and Barber 2008; Primeri and Reale 2012; Protogerou et al. 2010) , which contains highly detailed information on applications, but only on those that were granted funding. This does not make it possible to tell whether an organization that has not been granted project funding submitted an application in the first place. That puts non-successful applicants in the same category as those who choose not to apply at all, making it impossible to distinguish between the stage of self-selection (application decision) and the stage of actual EC selection. By contrast, our dataset can identify whether any given Norwegian research organization has applied to the H2020 program, whether it has received a rejection or an approval decision, and how many projects it has been granted. Hence, our database enables a two-stage analysis of the participation process outlined in the previous section. Since the additional data sources noted above provide data at the organizational level (rather than the application level), we have had to aggregate our application dataset at the organizational level in order to combine these different data sources in a single database (as done by other previous studies on EU participation).
In total, our dataset for the empirical analysis consists of 231 organizations (99 HEIs, 36 hospitals, and 96
PROs). The advantage of this empirical strategy is that it enables us to examine a rich variety of explanatory factors from these different data sources. A drawback, however, is that by focusing on the organizational level we are unable to study characteristics related to the individual application and/or researchers, and how these interact with other explanatory dimensions in a multi-level setting.
Variables
The Shifting the focus to the variables measuring national support and other (non-EU) funding means, the main variables that we use in our regression model are two: (1) national funding, which includes funds from the Norwegian Research Council and other national funding agencies (excluding core and private company funding);
(2) PES2020, STIM-EU, and KLIMAFORSK, which are dummy variables describing whether the organization has received funding from these specific RCN instruments during the period 2013-2015. As explained, STIM-EU and PES2020 are direct financial schemes aimed at encouraging applications to EU FP. To control for additional funding means, we include two variables measuring the share of funding received from private companies, and the share of funding received from other organizations abroad (excluding firms and EU).
5
Among the set of control variables, we include first of all the scientific orientation and size of the organization, as both have been shown to be relevant determinants of participation in EU FPs (Lepori et al. 2015; Hakala et al. 2002; Geuna 1998) . Scientific orientation variables are measured as the amount of funding allocated to the specific scientific discipline to which the organization belongs, as a share of total funding. This is a pre-constructed measure in Norwegian R&D statistics, indicating the dominant scientific specialization of the institution (social sciences, humanities, medicine and health, technology, mathematics and natural sciences).
Size is the number of full-time equivalents (FTE) of academic staff working in R&D activities. This measure excludes technical and administrative staff as well as time spent on teaching. Data were retrieved from the R&D statistics for 2013.
Next, as prior studies on EU FP determinants have focused mainly on HEIs (e.g. Lepori et al. 2015; Geuna 1998; Nokkala et al. 2011) , we wished to see whether HEIs and PROs (both included in our dataset) behave differently. We therefore included a dummy variable to control for organizations classified as HEIs in the application data (1: HEI; 0: PRO). Furthermore, to control for regional location of the research organization, we add dummy variables for Norwegian regions in accordance with the Eurostats NUTS 2 classification system (Eurostat 2008).
6 Table 1 provides descriptive information on the variables included in our analysis, and Table 2 reports the correlation coefficients. Table 1 shows that 56% of Norwegian research organizations applied for participation in Horizon 2020 during the first period of this new EU FP program (between 2014 and February 2015) . Further, 130 organizations applied to H2020, and of these, 62 organizations have been granted funding for participation in at least one project (average 0.83 projects).
5 Lepori et al. (2015) used external funding as an indicator for third-party funds, including external funding from the EU, Research Councils and private companies. We have chosen to treat these variables separately and divide them by total funding to get a measure of the amount of funding by total revenue.
6 Some of our explanatory variables have skewed distribution, and in particular those measuring R&D capabilities, financial conditions, and size. We log transformed these variables before entering the regression model. 7, 5, 6, 7, 8) amount of funding allocated to a specific scientific discipline by share of total funding. 
Results
Econometric model
Our empirical model is estimated in two steps. The first stage estimates the probability that an organization applies for an H2020 research grant (dependent variable: APPLICATION dummy). This first step is carried out on the whole population of Norwegian HEIs and PROs. The second stage focuses solely on the sub-sample of research organizations that have applied for H2020 research grants. It estimates the probability that an organization will be granted one or more EU-funded projects (dependent variable: GRANTED, count indicator).
The model is then specified by the following two equations:
The explanatory variables included in the two equations are the same: previous participation in EU FP in order to mobilize domestic organizations towards greater participation in H2020. To the best of our knowledge, this aspect has not been investigated in previous research, probably due to the unavailability of data that can distinguish applicants from non-applicants.
Second, equation 2 has been analyzed in previous works (e.g. Geuna 1998; Lepori et al. 2015) .
However, while such research has typically estimated this type of equation on the entire population of research organizations (including applicants as well as non-applicants), we focus solely on the sub-sample of project applicants. This, we hold, can provide an unbiased estimate of the effects of the explanatory variables of interest on the probability of receiving H2020 funding. In previous research, due the absence of data enabling to distinguish between non-applicants and unsuccessful applicants, both of these groups were combined together and typically given a value of 0 in the regressions, whereas successful applicants were given a positive integer value (1 if the dependent variable was defined as a dummy, and values equal or
We estimate equation 1 using a logit model, and equation 2 using a zero-inflated Poisson regression model (ZIP). The ZIP model is useful when there is a fair amount of null observations in the outcome variable (Greene 1994) . As the success rate for project applications to EU FP is quite low, many observations receive the value of 0 (no funded application). The ZIP model accordingly accounts for such a high presence of null observations. The Vuong test in our regressions confirms that the ZIP specification is significantly better than a standard Poisson regression (Perumean-Chaney et al. 2013 ). The test was significant (P= <0.001) in all regressions.
8 greater than 1 if the variable was measured as a count). However, combining together non-applicants and unsuccessful applicants in the same regression tends to underestimate the estimated slopes of interest (the larger the mean of a given explanatory variable for the group of non-applicants, the larger the bias). We overcome this problem by estimating equation 2 only on the sub-sample of applicants. Table 3 reports the median of our explanatory variables for four groups of observations: (1) non-applicants, (2) unsuccessful applicants, (3) applicants that have been awarded one project, (4) applicants that have been awarded more than one project. The Table shows that, for the group of non-applicants, three variables (publication points, national funding, and size) have positive median. Hence, our econometric approach yields more precise estimates for these three variables in particular. 8 We have also estimated our model by following different econometric approaches. First, we have reproduced the approach used by Geuna (1998) and Lepori et al. (2015) on our dataset, i.e. estimating equation 2 by means of a logit (for a dummy dependent variable: funded vs. not-funded), and by means of a truncated regression (for a count-dependent variable that excludes organizations with 0 funded projects). The problem with these approaches is that, due to the relatively small size of our sample, the variability is limited and it is difficult to obtain precise results. Second, we have estimated equations 1 and 2 jointly by means of a Heckman sample selection model (Heckman 1979) . However, this approach requires the dependent variable in the second step to be dichotomous. Given the fairly small sample in our study, using a dummy-dependent variable greatly diminishes the data variability. Sample selection models that account for count outcomes are still under development and are not yet incorporated in standard econometric software. We tried using the sample selection model wrapper (SSM) based on generalized linear latent and mixed models (GLLAMM), developed by Miranda and Rabe-Hesketh (2006) , but the procedure failed to produce the required output. Table 4 Comparison of mean values between the groups of successful and unsuccessful applicants (group variable: 1= at least one project funded, otherwise 0). 
Mean (Std. deviation) t-test
Estimation results
Tables 5 and 6 present the results of the econometric estimations of equations 1 and 2, respectively. Before discussing the results of the tests of the hypotheses formulated in section 2.2, let us take a brief look at the estimated coefficients of some important control variables. In particular, SIZE has often been pointed out as a relevant explanatory factor in previous research (Lepori et al. 2015) . Our estimates show an interesting difference in the effects of this variable in the first and in the second equation. The variable has the expected positive sign in equation 1 (see Table 5 ), and the estimated coefficients are large and significant in all regressions. By contrast, the variable has lower and weakly significant estimated coefficients in equation 2 (see Table 6 ). 9 We find a similar pattern for the HEI dummy variable that distinguishes higher education institutions from PROs. Taken together, these results indicate that larger research organizations, and HEIs in particular, are more likely to apply for EU FPs, arguably due to the economies of scale they can enjoy in the phases of developing, managing and administering new applications to H2020. These may lead to cost advantages that can prove crucial in the first stage of the participation process (self-selection), but not necessarily in the subsequent selection process (where it is quality, more than size, that matters).
Turning now to our set of main explanatory variables, the indicator of prior participation in EU FPs (PERSISTENCE) has positive and estimated coefficients in both Table 5 and Table 6 . 10 The magnitude of these estimated coefficients is one of the largest in the battery of regressors, confirming that prior participation in EU FP is a major factor that strengthens both the propensity of Norwegian research organizations to apply to H2020
and their ability to get H2020 projects. As note in our propositions H1.1 and H1.2 (see section 2.2), the variable is highly relevant in both stages of the participation process-although, in our view, for different reasons. In the first (self-selection) stage, previous participation in an EU-funded project means that the organization will not have to sustain the sunk costs of amassing information and knowledge on the application procedure, as well as network and team building costs. In the second stage, prior participation matters because an organization that has previously been involved in an EU project can be assumed to have benefited from learning effects regarding the application procedure, EU research priorities, and the quality of potential partners-and these learning effects will improve the quality of the application and its chances of success.
The second set of explanatory variables of interest relates to national funding characteristics. The specific hypothesis formulated in section 2 is that that the structure of national funding matters in the first stage of the participation process, but not equally so in the second. To test these propositions (H2.1 and H2.2), let us compare estimation results for the relevant variables in Table 5 and Table 6 . The national funding variable (share of research grants received from national funding agencies) does not prove to have a significant effect in equation 1. Interestingly, however, the variable is important and significant when we interact it with the PERSISTENCE variable (prior participation in EU FP7). This pattern indicates that previous participation positively moderates the effect of national funding availability on the propensity to submit an application for the new program H2020. In other words, the expected complementarity effects between nationally-funded and EUfunded research emerge more clearly for organizations that have previously sustained the costs of sunk information and network building (in other words: if an organization already knows how to play the EU game, having complementary national funds available will further encourage it to continue to participate). Table 5 also confirms that the variable PES2020, one of the specific policy schemes in place in Norway to encourage participation in EU-funded research, has positive, significant and strong estimated coefficients.
We note the corresponding results for equation 2 (Table 6 ): the national fund availability variable is not significant (neither alone nor in interaction with PERSISTENCE), whereas the PES2020 variable is still positive, significant, but its estimated coefficient has a much lower magnitude than the corresponding results in table 5.
On the whole, these patterns are in line with the hypotheses formulated in section 2.2, that external funding granted by national institutions increases the probability of an organization submitting an H2020 application (by making available additional resources to invest in the application process), but does not substantially increase the probability that an organization will succeed with its H2020 application (since that outcome depends more on the quality of the application than on the financial conditions of the applying entity).
Finally, we shift the focus to the results on the variables accounting for organizational research capabilities: academic reputation (measured by citations and impact factor) and scientific productivity (measured by the number of publication points in the recent past). In section 2 we argued that research capabilities matter differently in the two stages of the participation process, making it therefore important to distinguish these impacts: we hold that this dimension will be relevant only in the second ( Table 5 , the reputation variable emerges as not significantly correlated to the propensity to apply for EU funding. The scientific productivity (publication points) variable is not significant either. Interestingly, however, when we interact this indicator with the PERSISTENCE variable, we find a negative, strong and significant effect. One interpretation could be that researchers often perceive involvement in EU projects as a costly, demanding, and bureaucratic process, and may therefore be reluctant to participate. To the extent that more productive researchers concentrate on academic recognition and publication activity, high scientific productivity will not make an organization more likely to apply to H2020-maybe even the converse.
However, as expected, the results of the estimations for equation 2 tell a different story, and one more in line with the results of previous research. Table 5 shows that the reputation variable, when interacted with the indicator of prior participation in FP6, has a positive and significant estimated coefficient. This suggests that scientific reputation does matter in the selection of proposal submitted to H2020, especially if an excellent reputation is combined with learning effects arising from having previously participated in EU-funded projects.
Although the reputation variable emerges as important in equation 2, the publication variable is not significant, which would indicate that having a large number of publications does not increase the likelihood of success in the H2020 contest, whereas having a high scientific impact (reputation) does. In summary, in line with our theory arguments (H3.1 and H3.2), we find that stronger research capabilities (as measured by reputation) do not increase the probability that an organization will submit an H2020 application, but they do increase the probability of success in getting H2020-funded projects.
A possible issue in our regressions is that some of the variables of interest -and in particular reputation, size and FP7 participation are positively correlated with each other. In our relatively small sample, this may make it hard to disentangle the effect of each of these variables on H2020 participation. The resulting multicollinearity patterns can lead to concerns that the effect of these variables cannot be estimated with statistical precision in a multivariate regression model given the relatively small size of our sample. We have therefore carried out an additional exercise in the attempt to disentangle the effects of the aforementioned variables, focusing on step 2 of the econometric model.
In Table 7 , we report the results of a propensity score matching analysis that we have carried out in order to provide an alternative and more precise estimation of the effect of these variables. The main idea of the matching approach is to consider the explanatory variable of interest as a "treatment indicator", and estimate the effect of the treatment variable on the outcome variable (H2020 participation) (Caliendo and Kopeinig 2008; Cerulli 2010) . More precisely, the propensity score matching exercise followed these steps: (1) We focused on one explanatory variable at a time and considered it as a treatment variable. (2) We transformed this variable into a dummy indicator (with value 1 for observations above the median, and 0 for observations below the median). (3) We estimated the predicted probability from a probit regression of the treatment dummy on a set of covariates (i.e. the same set of covariates used for the estimation of equation 2); this predicted probability is the so-called propensity score. The results show that the ATT of FP7 participation on the H2020 dependent variable is positive and significant, similarly to what previously found in our regression results reported in table 6. The publication points indicator does not have a significant ATT effect, a finding that is also in line with our regression results.
Interestingly, however, both the reputation and the size variables (in spite of their collinearity with the FP7 indicator) have a positive and signicant estimated ATT effect on H2020 participation. This is a pattern that we were not able to estimate with statistical precision in the multivariate regression analysis, and that the matching procedure reported here makes it possible to identify. These findings are also in line with the econometric results of previous studies in this field on the role of size and reputation for EU project participation (e.g. Lepori et al. 2015) . On the whole, these matching results should be interpreted with some caution, due the relatively small size of our sample. However, they provide interesting evidence that extends and corroborates the findings of the multivariate regressions previously presented. Significant at: *** 0.01 level. Note: 1) Dummy. 1 equals to at least one FP7 project participation, 0 otherwise.
Conclusions
This paper has analyzed Norwegian research organizations in terms of applying for participation in the EU's Horizon The main point is that it is essential to distinguish two separate stages in the participation process: the selfselection stage in which a research organization decides whether to invest time and resources in developing a project application, and the selection stage in which the European Commission evaluates and selects proposals. Both conceptually and empirically, these two stages differ, and different factors explain the likelihood of applying and the probability of succeeding in the competition for H2020 funding.
Regarding the first stage, our results indicate two key dimensions that determine whether a research organization is likely to prepare and submit an application: (1) if the organization has previously participated in EU FPs (and thereby already sustained the application-related sunk costs); and (2) the availability of national funding, which may act as a complementary channel and provide additional resources that encourage application efforts.
These results provide new scholarly insights on participation in EU-funded research, with important potential implications for policy.
A first implication concerns the national authorities: given the important complementarities between national and international funding, the most effective way for domestic funding agencies to promote internationalization of research is not by outsourcing research funding tasks totally to EU authorities, but by strengthening their own national funding programs. A second implication concerns the EU authorities in charge of the H2020 program. From our results, it appears that this new program has not been able yet to mobilize Norwegian 25 researchers with strong scientific reputations and high productivity: indeed, we find the likelihood of submitting an application to be negatively related to the organization's scientific productivity. This might have to do with the fact that researchers often see the H2020 program as basically applied in nature and quite demanding in terms of networking and management procedures. Perhaps the EU authorities should consider whether the program should have a more academic focus and simpler procedures, in order to attract a greater number of productive researchers.
Regarding the second stage of the participation process, the main advantage of our econometric approach vis-à-vis previous research is that carrying out estimations only on the sub-sample of applicants enabled us to obtain more precise, unbiased, estimates of the relationships of interest here. Our results indicate two main factors that strengthen the likelihood that a research organization will submit a successful application: prior participation in EU FPs (indicating persistence and learning effects from previous EU projects), and scientific reputation. Unlike earlier studies, however, we do not find any significant correlation between publication results and probability of success.
These results give rise to another question for research policy. For national authorities, it is important to emphasize the distinction between the role of academic reputation and the role of scientific productivity. Also in many European countries, including Norway, allocation of national funding to HEIs and PROs is currently based on scientific productivity (number of publication points), among other criteria. However, if the national authorities want to promote the internationalization of their research system and domestic participation in H2020 programs, it would seem advisable to adjust the funding allocation scheme so as to give more weight to academic reputation (quality, impact, citation indexes) and less to the number of publication points as such. This would give a clear signal to research organizations that scientific quality and impact matter more than productivity, spurring further efforts in this direction, and, one hopes, a higher success rate in the H2020 contest.
Finally, we must acknowledge two limitations of this work. The first is that, in seeking to provide a timely analysis of the first available data on H2020 participation, we have not been able to incorporate data for a lengthy period or for the entire duration of the program. This means that our assessment will need to be verified and extended when new data on H2020 participation become available. A second caveat: our analysis has focused on research organizations in Norway, for which rich and high-quality data and information are available. Some of our results might be affected by the specific characteristics of the Norwegian research system, and hence not necessarily hold for a larger sample of other European countries. It is therefore important for future research to reassess our two-step approach and hypotheses, analyzing their validity for the case of other European economies.
